Right ventricular dysplasia is characterized by an abnormality in the development of part of the right ventricular musculature. Patients with right ventricular dysplasia may present with ventricular tachycardia, supraventricular arrhythmias, right-heart failure or asymptomatic cardiomegaly. Twenty-two adult patients with right ventricular dysplasia who had recurrent ventricular tachycardia were seen during a 7-year period. The male/female ratio was 2.7: 1. The mean age at the time of hospitalization was 39 years. All but one of the patients had ventricular tachycardia of a left bundle branch block configuration. With few exceptions, the T waves were inverted over the right precordial leads. The heart was usually enlarged and the pulmonary vasculature was usually normal. In six patients who had two-dimensional echocardiograms, all showed increased right ventricular diastolic dimensions. All patients had right ventricular angiography; the diagnosis of right ventricular dysplasia was substantiated during surgery in 12 patients and at autopsy in another. Two other patients who did not have arrhythmias had right ventricular dysplasia diagnosed by rightand left-heart angiography.
RIGHT VENTRICULAR DYSPLASIA (RVD) is a pathologic condition that primarily affects the right ventricle.' The right ventricular musculature is partially or totally absent and is replaced by fatty and fibrous tissue. If the dysplasia is extensive, there will be gross cardiomegaly by x-ray and the presenting clinical symptom may be congestive heart failure in infancy or early childhood. Under these circumstances, the right ventricle is paper-thin and there is apposition of the endocardium to the epicardium. This condition has been described as Uhl's anomaly. 2 The patient who has almost complete absence of the myocardium of the right ventricle may survive to adulthood and may have asymptomatic cardiomegaly or recurrent ventricular arrhythmias. When dysplasia is limited to portions of the right ventricle, cardiac dysfunction may be minimally impaired. The patient may present in childhood or as an adult with cardiomegaly or with ventricular premature complexes or ventricular tachycardia of right ventricular origin. When ventricular tachycardia is the principal manifestation of this condition it has been termed "arrhythmogenic" RVD. 3-7 From 1973 3-7 From -1980 patients with RVD were referred to La Salpetriere Hospital, Paris, or to the Jean Rostand Hospital, Paris, Ivry. In this report we describe our experience with the diagnosis and treatment of RVD.
Methods
Twenty-two patients had ventricular tachycardia and two had cardiomegaly but were asymptomatic. All the patients had right-heart catheterization and angiography. The left ventricular size was visualized during systole and diastole, either on the levophase after injection of radiopaque dye into the right ventricle or by left ventricular angiography. Six of 11 patients older than age 40 years had selective coronary arteriography, as did six of 11 patients younger than age 40 years. Two-dimensional echocardiograms were obtained in eight patients using a phased-array sector scanner (Roche RT-400) equipped with a 2.25-MHz transducer focused at 7.5 cm. M-mode echocardiograms of the right and left ventricles were derived from the two-dimensional image and were recorded on a strip-chart recorder (Irex System II) in these eight patients. Eight other patients had only M-mode echocardiograms performed on a commercially available M-mode echocardiographic instrument. All patients were examined in the supine position with the transducer in the third or fourth intercostal space near the left sternal border. Measurements of the right and left ventricular diastolic dimensions were performed on the M-mode echocardiograms using methods that have been described.8 The right-to-left ventricular ratio (RV/LV) in 60 normal subjects was 0.33 ± 0.06 (± SD) (range 0.18-0.47). Standard electrophysiologic studies were performed in 20 of the 22 patients with arrhythmogenic RVD.9 This procedure, as performed in our laboratory, has been described.4 10 We tried to induce ventricular tachycardia in all patients who had ventricular tachycardia by stimulating the right ventricle using the extrastimulus or burst technique. Ventricular electrical activity was recorded with a standard electrogram and with high amplification and averaging techniques to detect ventricular postexcitation waves in the ST segment. These waves were best recorded using bipolar suction cup external electrodes placed at the suprasternal notch and the 384 RV DYSPLASIA/Marcus et a!.
xiphoid, or on either side of the sternum at the fourth or fifth intercostal space. These potentials were amplified and processed by signal averaging and summation using a PDP-l 1 computer." Delayed potentials were also recorded during perioperative epicardial mapping using hand-held bipolar electrodes. '2 '6 The case histories of patients 1, 2, 3 and 13 ( 
Age, Sex and Onset ofSymptoms
Sixteen of the 22 patients were male; the male/female ratio was 2.7/1 (table 1). The mean age at the time of hospitalization was 39 years (range 17-65 years). The mean time from onset of arrhythmia-related symptoms to admission to these centers was 7 years.
Physical Findings
Physical findings included asymmetry of the precordium, and third and fourth heart sounds. The physical findings were described as normal in the first 16 patients. The six other patients had recordings of the jugular venous pulse and carotid pulse as well as phonocardiograms. The height and configuration of the jugular pulse was normal in all these patients. The carotid pulse also had a normal pulse contour in all six patients. Three of the six had fourth heart sounds and two had a third heart sound. These diastolic sounds were recorded equally well over the lower left sternum or apex. The only murmurs -recorded were grade I-II/VI precordial systolic ejection murmurs in four of the six patients. No diastolic murmurs were heard or recorded. Two of these six had asymmetry of the precordium with prominence of the left anterior thorax.
Chest Radiograph
The cardiothoracic ratio was > 50% in 16 of 22 patients. Generally, the configuration of the heart was globular, with a convexity on the left lateral border due to an enlarged pulmonary outflow tract (fig. 1 ). The heart size ranged from normal to enlarged. No patient had pulmonary congestion.
Electrocardiograms
The most frequent abnormalities on the resting ECGs were T-wave inversion in the anterior precordial leads (V, to V4) and postexcitation waves.
All the patients were in sinus rhythm. Two patients had first-degree atrioventricular block. Six had right atrial enlargement, defined as a P wave with an amplitude of greater than 0.25 mV. Four had low voltage, defined as an R wave of less than 0.5 mV in any lead. Seven patients had a pattern of incomplete right bundle branch block and one patient had complete right bundle branch block. The QRS axis was normal (-30°to -90°) in 14 patients; six had rightaxis deviation and two had left-axis deviation. Ventricular postexcitation waves were suspected on the resting ECG in seven patients ( fig. 2 ) and were confirmed in all who had high-amplification and signalaveraging techniques performed. Ventricular postexcitation waves were present in 13 of 16 patients who had ECG recordings with these special techniques. In seven patients, postexcitation waves were detected by Abbreviations: Pt = right atrial enlargement; VT = ventricular tachycardia; IRA = increased pressure in the right atrial a-wave; RBBB = right bundle branch block; IRBBB = incomplete right bundle branch block. this method, even though they could not be identified on the routine ECG. The T wave was inverted in leads V1 to V4 in 19 of 22 patients. The QT interval was frequently prolonged because the patients were taking antiarrhythmic drugs that increased this interval.
Premature ventricular complex'es were commonly seen on the resting ECG. Generally, they had a left bundle branch block configuration. The QRS axis of these ectopic beats usually was the same during ventricular tachycardia as during rest.
During spontaneous ventricular tachycardia, the ECG showed a left bundle branch pattern in 21 patients; the QR'S pattern could not be classified in patient 2. The mean ventricular response during 31 episodes in 21 patients was 196 beats/mmn (range 150-300 beats/mmn). The two most frequent mean QRS axes observed were -~45' (six episodes) and + 900 (five episodes). A mean QRS axis between 30' and +60' during tachycardia was not recorded in any patient.
Electrophysiologic Studies
Electrophysiologic studies revealed few abnormalities of atrial, nodal or ventricular conduction and some of these may have been induced by antiarrhythmic therapy. Specifically, the PA interval was prolonged in three patients, the AH in four patients and the HV in one patient. In patient 20, who had a prolonged HV interval, a split His was recorded during atrial pacing. The Wenckebach point was less than 150 beats/min in four patients (130 in two, 120 in one and 100 in one). Endocardial ventricular postexcitation waves were recorded in four of 22 patients. Ventricular tachycardia of left bundle branch configuration was initiated during electrophysiologic study by the extrastimulus technique in all but patient 4. The pattern of induced ventricular tachycardia was usually similar to that during spontaneous ventricular tachycardia; at times, ventricular tachycardia with an axis different from that during spontaneous ventricular tachycardia was observed. Several times, induced ventricular tachycardia was so rapid that it required electrical cardioversion.
Echocardiography
M-mode echocardiography was performed in eight patients before two-dimensional echocardiography became available at these institutions and showed an increase in the right ventricular diastolic dimension in all patients. The RV/LV ratio was measured in patients 4 and 18 of these eight patients, and this ratio was increased in both. Two-dimensional echocardiography showed an increased RV/LV ratio in all six patients with RVD and ventricular tachycardia in whom this study was performed. The mean RV/LV ratio was 0.77 (range 0.45-1.5) (normal 0.33 ± 0.06). ECG from patient 20 illustrating the postexcitation waves that can be seen best in the right precordial leads as small undulations in the STsegment. This ECG was taken at double sensitivity (0.5 mV/cm). and minor degrees of mitral valve prolapse were not seen by two-dimensional echocardiography in patients 19 and 21, in whom mitral valve prolapse was documented by angiography.
Cardiac Catheterization
Right atrial and right and left ventricular pressures were normal in 17 patients. In five patients, the a-wave was increased in amplitude to 12-20 mm Hg. In patient 3, who had almost complete absence of right ventricular musculature, the right atrial a-wave exceeded the pulmonary artery diastolic pressure. Patients 16, 17 and 18 had a cardiac index of 2.0 I/min/M2.
A ngiography
Right ventricular enlargement was evident by angiography in all but patients 9 and 19. Patient 19 showed right ventricular enlargement on the M-mode echocardiogram, and patient 9 had a systolic bulging of the right ventricular infundibulum; the diagnosis of arrhythmogenic RVD was confirmed at surgery. Right ventricular angiography in some patients showed slow evacuation of dye adjacent to poorly contractile areas of the ventricle. Other angiographic abnormalities observed included deep fissuring, particularly in the anterior wall ( fig. 4A ) and nonopacified areas in the outflow tract. At surgery, these nonopacified areas were found to be muscular bridges between the free wall of the infundibulum and the septum. They were seen by angiography in patients 11 and 21 and by two-dimensional echocardiography in patient 12.
Patient 20 had tricuspid regurgitation ( fig. 4B ). Left This long-axis view, taken in systole, shows two areas of dyskinesia (arrows) in the right ventricle (RV). They are at the apex and at the junction of the anterior, lateral and inferior borders of the R V. The corresponding drawing clarifies the findings. The actual examinations on real-time videotapes were more conclusive than the individual stillframe illustrations. RA = right atrium; LA = left atrium; LV= left ventricle. ventricular size and contraction were normal in all but patient 8, who had hypokinesia of the left ventricular diaphragmatic wall. Patients 19 and 21 had discrete posterior mitral valve prolapse. Coronary angiography disclosed significant (. 70%) diameter stenosis only in patient 1. The left ventricular muscle supplied by this left anterior descending artery appeared to contract normally. This vessel was bypassed during surgery.
Treatment
Of the 22 patients referred for recurrent ventricular tachycardia, 10 could be treated medically; antiarrhythmic drug therapy, alone or in combination, was not effective in 12 patients and they had surgical treatment.
Medical Treatment. Medications, alone or in combination, that were used to prevent recurrent ventricular tachycardia in patients 13-22, who did not have surgery, included amiodarone in three patients, aprinidine in four, and quinidine, procainamide, disopyramide and propranolol each in one patient. A transvenous pacemaker was implanted in patient 20 because of persistent bradycardia and a prolonged HV interval. We decided that it would be hazardous to treat him with antiarrhythmic drugs without the protection of a pacemaker. He had a demand pacemaker connected in series to a radiofrequency receiver. Since hospital discharge, he has had one recurrence of ventricular tachycardia successfully treated with external ventricular stimulation using the radiofrequency unit in addition to disopyramide. He has since been treated with procainamide, 4 g/day, and has had no further recurrences of tachycardia. Surgical Treatment. Operation for recurrent ventricular tachycardia not responsive to medical therapy was performed in patients 1-12 (table 1). Surgical therapy consisted of one or more ventricular incisions.6'7 12 16 The location of these incisions was based on epicardial mapping.'2 Ventricular mapping to plot the sequence of electrical activation was performed during induced ventricular tachycardia as well as during either sinus or atrial paced rhythm. During induced ventricular tachycardia, the ventricular epicardium was mapped primarily to localize the site of epicardial emergence of this rhythm. Since the right ventricular free wall is thin, this point is probably close to the origin of the arrhythmia and is a most important guide to the selection of the site of therapeutic ventriculotomy. However, if this site is close to epicardial paraseptal areas, a septal origin of the arrhythmia should be suspected, particularly if the time of epicardial activation occurs later than the onset of the surface QRS complex.
Delayed ventricular potentials, defined as electrical activity occurring beyond the QRS complex of the simultaneously recorded surface ECG, were identified during sinus rhythm or atrial pacing. This information served as a guide to the location of additional ventricular incisions, which were performed to prevent ventricular arrhythmias. However, sustained ventricular tachycardia could not always be induced by stimulation over all sites of delayed ventricular potentials.
A ventriculotomy was performed over the site of epicardial emergence ,of induced ventricular tachycardia. In addition, one or more ventricular incisions were made at the areas of delayed ventricular potentials identified by epicardial mapping during sinus rhythm or during atrial pacing.12 All 12 patients had delayed ventricular potentials. These potentials generally coincided with areas of abnormal contraction and were limited to the right ventricle in 10 of 12 patients. Patient 2 had an area of delayed ventricular potentials in the anterior free wall of the left ventricle and a small incision was made in this area and in two others in the right ventricle. Patient 8 had an area of delayed ventricular potentials in the diaphragmatic wall of the left ventricle. There were two areas of localized contraction abnormalities on this surface. To prevent ventricular arrhythmias that might originate 389 VOL 65, No 2, FEBRUARY 1982 The average follow-up was 3 years (range 1 month to 7 years). Eight of the patients have had no recurrences or, at most, one recurrence of ventricular tachycardia. Five of the surgically treated patients are not taking antiarrhythmic medications. It is not clear whether the three patients who were taking antiarrhythmic drugs require them to decrease the frequency of ventricular premature complexes or to prevent recurrences of ventricular tachycardia. Of the two patients who had left ventriculotomies, patient 2 had right-heart failure controlled with digitalis and diuretics. Patient 8 died 30 months postoperatively of congestive heart failure. Patient I died 5 years postoperatively of a gastrointestinal hemorrhage.
Cardiac Morphology and Pathology
Morphologic findings were obtained from 13 patients, including 12 who had surgery for treatment of ventricular tachycardia. An autopsy was obtained in another patient who died of a pulmonary embolus while being treated medically for ventricular tachy-cardia. The morphologic anomalies related to the volume and the form of the right ventricle. The right ventricular cavity was always enlarged. There were usually one or more areas of oblong or dome-shaped dilatations, which had parodoxical systolic motion. These were obtained during surgery from patients 13 and 9 (top) and 11 and 3 (bottom). Note the thickened subendocardium, the striking poverty of myocardial fibers, and fatty infiltration.
These dilatations or aneurysms were usually over the anterior surface of the pulmonary infundibulum, at the apex of the right ventricle and on the inferior wall of the right ventricle ( fig. 5 ). These three areas form a "triangle of dysplasia" (fig. 6 ). The areas involved were frequently covered with abundant subepicardial fat. There was a marked decrease in myocardial fibers in these areas and the myocardium was usually replaced by fatty tissue. There was an inconstant amount of intramyocardial fibrosis. In the area of dysplasia, the endocardium appeared whitish, thickened and sclerotic. Microscopic examination of tissue from the area of involvement showed infiltration of the interstitial tissue by fat and hypertrophy or degeneration of the few remaining myofibrils with dystrophic and piknotic nuclei ( fig. 7 ). There was a variable amount of histiocytic and lymphocytic infiltration in the interstitium. The morphology and microscopic findings in the left ventricle from patient 8, who had involvement of this chamber, were identical to those described for the right ventricle.
Two Adult Patients with RVD Who Did Not Have Ventricular Tachycardia
Two young women with RVD, patients 23 and 24, did not have arrhythmias at rest, nor were arrhyth- mias recorded during continuous 24-hour Holter monitoring or during exercise stress testing. Patient 23 had a heart murmur heard when she was 4 years old. Patient 24 was first noted to have heart disease at age 6 years, when cardiomegaly was discovered on routine chest radiography.
Abnormal findings on physical examination included prominence of the left parasternum in patient 23. The height of the v-wave exceeded that of the awave in the jugular venous pulse in both patients, suggesting tricuspid insufficiency. Patient 23 had third and fourth heart sounds and patient 24 had a fourth heart sound. Both patients had grade II/VI systolic murmurs, best heard at the lower sternal border, which did not increase with respiration. Neither patient had hepatomegaly or a pulsatile liver. Chest x-ray showed marked cardiomegaly in both patients. ECGs were abnormal. The data are summarized in table 1. Ventricular postexcitation waves were recorded from the surface ECG using amplification and signal averaging techniques in patient 23 ( fig. 8 ), but could not be recorded in this manner in patient 24. Twodimensional echocardiography showed normal left ventricular diastolic diameter and an increase in right ventricular end-diastolic diameter in both patients.
The tricuspid valve was not displaced. Cardiac catheterization in patient 23 showed a right atrial awave that measured 1 mm Hg and the v-wave was 4 mm, consistent with tricuspid insufficiency. Patient 24 had normal leftand right-heart pressures. There was no evidence of an intracardiac shunt. Right ventricular angiography showed right ventricular enlargement in both patients. The findings were suggestive of tricuspid insufficiency in patient 23 and tricuspid insufficiency was judged to be moderate in patient 24.
Discussion
Our experience with 22 patients with RVD who had ventricular tachycardia enables us to draw a composite clinical profile of this condition. The typical patient is a young or middle-aged male who presents with palpitations, tachycardia or syncope. Ventricular tachycardia is of left bundle branch block configuration. Physical examination is surprisingly normal, but a fourth heart sound may be present. During sinus rhythm, the ECG may show-incomplete or complete right bundle branch block. T-wave inversion over V1 to V4 is usually present. The heart is= moderately enlarged and the pulmonary vasculature is normal. Two-dimensional echocardiography demonstrates in- 392 CIRCULATION RV DYSPLASIA/Marcus et al. Thirty-four adult patients with features corresponding to those described as RVD have been reported (tables 2 and 3). Patients with suspected or proved ischemic heart disease were not included. Patients were also excluded if they were younger than age 12 years, thereby excluding the seven reported cases of RVD in the infant or young child who did not have other congenital cardiac anomalies.40' 41 The seven cases previously reported from the Pitie-Salpetriere hospitals were not included (see Methods section). Of previously reported patients that met these criteria, 21 were male and 13 female. Thirteen of these 34 patients presented with ventricular tachycardia as the first major clinical manifestation of the disease (table  2) ; of these, 11 were males and two were females, a 5.5:1 male/female ratio. The predominance of men with RVD and ventricular tachycardia is consistent with the data from this series. Twenty-one of these 34 patients had presenting signs or symptoms other than ventricular tachycardia, including cardiomegaly or right ventricular failure of unknown etiology (table 3) . Thus, ventricular tachycardia may not be the most common presenting clinical manifestation of this condition. The fact that most patients with RVD studied at the Salpetriere and Jean-Rostand Hospitals had arrhythmias may be explained by the interest in cardiac electrophysiology and surgical treatment of ventricular tachycardia at these institutions.
Differential diagnosis of patients with RVD in the adult are congenital abnormalities such as atrial septal defect, abnormal pulmonary venous return, congenital pulmonary regurgitation, pectus excavatum, Ebstein's anomaly and congenital absence of the left pericardium.
Ebstein's anomaly is difficult to differentiate from RVD. However, complete right bundle branch block is present in two-thirds of the patients with Ebstein's anomaly,42 while it is unusual in RVD. Two-393 VOL 65, No 2, FEBRUARY 1982 dimensional echocardiography is most helpful in the differential diagnosis of these two conditions, because abnormal insertion of the septal or posterior tricuspid valve leaflet in the patient with Ebstein's anomaly can be readily identified. 43 In patients with congenital absence of the pericardium, the heart may appear enlarged. The echocardiogram in this condition shows an increased right ventricular diastolic dimension and a normal left ventricular dimension. In the five cases reported by Payvandi and Kerber,"4 the mean RV/LV ratio was 0.71 (range 0.50-0.94). This increased right ventricular dimension is thought to be due to rotation of the heart and the point of measurement of the right ventricle is different from usual.
Rarely, a patient may have fatty infiltration of the heart and present with moderate cardiomegaly and right-heart failure.46 This condition is more common in women than in men and involves both left and right ventricles, the right to a greater degree than the left.
The diagnosis of RVD should also be considered in patients who have ventricular tachycardia of unknown cause, particularly if the ECG pattern during tachycardia has a left bundle branch block pattern. Ventricular tachycardia of unknown etiology accounts for 5-10% of patients who present with this symptom.4" 48 Sebastien et al.48 reported the largest series of patients with ventricular tachycardia of unknown cause. They found that 49 of 553 patients who had ventricular tachycardia had undiagnosed heart disease. Of these, 15 had left bundle branch block pattern during tachycardia. Dilatation of the right ventricle was common among these patients. One showed evidence of an anomaly responsible for ventricular tachycardia (parchment right heart, cardiac tumors)."' Another patient died during a bout of ventricular tachycardia and was found to have RVD at autopsy. In another series of 38 patients with chronic recurrent ventricular tachycardia, 28 had intracardiac mapping, 11 of whom also had direct mapping during surgery.49 Three had idiopathic chronic recurrent ventricular tachycardia arising from the right ventricle and free wall and probably represent cases of RVD. Six of 18 young patients with ventricular tachycardia had no known etiology recognized to account for this arrhythmia.50 Four of the six were male and three of the six patients had a left bundle branch block configuration during tachycardia. Wei et al.5" reported that eight of 60 patients (17%) with drug-refractory ventricular tachycardia had mitral valve prolapse, but the possibility that some of these patients could have had RVD was not evaluated. Pietras et al.52 could not implicate arrhythmogenic RVD in 20 patients with right ventricular tachycardia, although this cause was specifically investigated.
A left bundle branch block pattern during tachycardia suggests a septal or right ventricular origin of the tachycardia. This pattern is not uncommon in patients who have ischemic heart disease. The mean QRS vector during left bundle branch block tachycardia may be helpful in differential diagnosis. Fourteen of 23 episodes of ventricular tachycardia in the axis between +600 and + 1350 during tachycardia. In contrast, a left bundle branch block tachycardia with a mean QRS axis during tachycardia in this range was not present in seven patients with ischemic heart disease who had a left bundle branch block pattern during ventricular tachycardia.53 The origin of the left bundle branch block tachycardia with this QRS axis may be in the right ventricular infundibulum. Thus, if one observes a ventricular tachycardia of left bundle branch block configuration with a mean QRS axis between +60°and + 135°, it should increase the suspicion that the patient may have arrhythmogenic RVD.
Ventricular postexcitation waves, present in the surface ECG of one-third of our patients, may aid in diagnosis, although the specificity of this finding is not certain. We believe that the later the delayed potentials, the greater the specificity for RVD. Their visibility may be enhanced by increasing the gain of the ECG to double standard while taking leads V, to V3.
We believe that these waves, recorded on the surface ECG (figs. 2 and 8), are a direct reflection of the delayed ventricular potentials recorded from the epicardium in all our operated cases. These ventricular potentials can extend beyond the refractory period of adjacent healthy myocardium and can reactivate adjacent myocardium, leading to reentrant ventricular arrhythmias. '2 Once RVD is suspected, the diagnosis in some patients is established with ease from their history, physical examination and noninvasive tests. However, in other patients the diagnosis may not be established even after complete evaluation, including electrophysiologic studies and left and right angiography. In these few patients, the diagnosis must await surgical or autopsy observations. Patients 7 and 9 had complete evaluation before referral and all the examinations, including phonocardiography, echocardiography, rightand left-heart catheterization and right ventricular angiography, were considered normal. Both later had surgery for intractable ventricular tachycardia and the diagnosis of RVD was proved by the characteristic appearance of the heart at surgery and by pathologic examination of the excised myocardium. That RVD may be difficult to establish before surgery or autopsy is understandable, because there are no physical findings diagnostic of this condition. It is difficult to determine whether the right ventricle is moderately increased in size by angiography because of the irregular shape of this chamber. Quantitative analysis of the right ventricle requires posteroanterior and lateral angiograms. Calculation of right ventricular volume is not generally done. In our experience, the angiographic findings of right ventricular enlargement and wall motion abnormalities are generally underestimated compared with those at surgery. The presence of mitral valve prolapse known to be associated with atrial and ventricular arrhythmias does not exclude the presence of RVD; three of our patients had this anomaly. One of them, patient 11, had mitral valve prolapse diagnosed by two-dimensional echocardiography. The diagnosis of RVD was proved at surgery. Patient 21 had an RV/LV ratio depresent series of patients with RVD had a mean QRS 396 CIRCULATION termined by echocardiography to be well above nor-mal and also had abnormal septal motion. Patient 19 had discrete posterior mitral valve prolapse and an RV/LV ratio by echocardiography that was just outside of the normal range. He may have ventricular tachycardia associated with mitral valve prolapse5 rather than RVD. Two-dimensional echocardiography permits analysis of the RV/LV dimensions and right ventricular wall motion abnormalities. Careful examination of the size and sequence of contraction of the right ventricle will undoubtedly bring to attention patients who have been puzzling cases of idiopathic cardiomegaly who have RVD. However, the sensitivity and specificity of an increased RV/LV ratio in the diagnosis of RVD must be determined. The morphology and microscopic findings in the present series of patients with RVD are similar to those reported by Bharati et al.,40 except in their patients, dysplasia primarily involved the septum in addition to the free wall of the right ventricle and this location of involvement caused complete atrioventricular block in a 29-year-old woman. This abnormality is a unique complication of RVD. Bharati et al.40 noted that the pathologic findings in RVD depend on the age of the patient. The absent myocardium in infancy or early childhood may be parchment-thin and free of fat or inflammatory reaction, but later in life, distention of the right ventricle may provoke fatty infiltration and the infiltration of mononuclear cells. In our patients 3 and 12, the right ventricle was extremely large and was so thin that it was translucent. It is not clear whether these patients represent an extreme form of RVD or a separate entity, the adult form of Uhl's anomaly.
Dysplasia may also involve the left ventricle and the right atrium. This was the case in patient 8. Dysplasia of all four chambers of the heart was observed in the first reported case of Osler, later described by Segall.26 In that heart, the walls of all four chambers were involved. The intraventricular septum was the thickest portion with a maximum of 5 mm. Thus, failure of development of myocardial muscle may involve parts of the heart other than the right ventricle. Patients have been reported to have had "idiopathic" and "giant" right atrium in whom the gross and microscopic pathology point to dysplasia of that chamber.54' I Idiopathic aneurysm of the left ventricle could also be caused by localized failure of myocardial development. 56 The pathogenesis of RVD is unknown.'0 Patient 6 had a family history consistent with this condition.'7
When he was 18 years old, his brother, age 16 years had onset of ventricular tachycardia. The brother's ECG showed many premature ventricular complexes of left bundle branch block configuration and right precordial conduction defects. Clinical examination and chest x-ray of the brother were reported to be normal. Predominance of the left parasternal area is consistent with cardiac enlargement during early childhood. Patients 12, 22, 23 and 24 had this sign.
Antiarrhythmic drug therapy appears to be successful in abolishing ventricular tachycardia in many patients, but the effectiveness of the various antiarrhythmic agents has not been systematically evaluated. Antiarrhythmic drug efficacy in this condition is hard to evaluate, in part because episodes of ventricular tachycardia may be frequent for weeks or months, followed by a spontaneous remission with no episodes of ventricular tachycardia for months. In between the episodes, there may be no ventricular premature complexes at rest or with exercise. When ventricular tachycardia occurs, it may or may not be tolerated, depending on the ventricular rate. Cardioversion of ventricular tachycardia may be necessary. Rarely, ventricular fibrillation may occur.
Because of the variable course of ventricular arrhythmias, it is difficult to be certain when surgical treatment for ventricular tachycardia is indicated in these patients, but right ventriculotomy appears to be effective in preventing the majority of episodes of recurrent ventricular tachycardia.7 lf Surgical treatment is recommended when patients are disabled with recurrent ventricular tachycardia after failure of antiarrhythmic drug therapy.
The clinical course of RVD is unknown. Patients with this condition may live to old age. Suguira84 reported a patient who died at age 84 years and, at autopsy, was found to have RVD. The observation that the right ventricular muscle can be entirely destroyed without altering left ventricular pressure or cardiac output57 58 suggests that patients with RVD may have a good prognosis, unless ventricular arrhythmias ensue. The fate of patients with RVD must be determined by long-term follow up.
